Energy efficient design is a high priority in the national energy strategy of European countries considering the latest requirements of the European Directive on the Energy Performance of Buildings. The residential sector is responsible for a significant quantity of energy consumptions from the total amount of consumptions on a worldwide level. In residential building most of the energy consumptions are given mainly by heating, domestic hot water and lighting. Retrofitting the existing building stock offers great opportunities for reducing global energy consumptions and greenhouse gas emissions. The first part of the paper will address the need of thermal and energy retrofit of existing buildings. The second part will provide an overview on how various variables can influence the energy performance of a building that is placed in all four climatic zones from Romania. The paper is useful for specialist and designers from the construction field in understanding that buildings behave differently from the energy point of view in different climatic regions, even if the building characteristic remain the same.
INTRODUCTION

Generalities
The economic strategy of sustainable development clearly requires promoting rational use of energy at national level, starting from the completion of objectives and measures necessary for most important sectors of final energy consumption, including that of the households. According to the World Business Council for Sustainable Development, buildings account for up to 40% of energy use in most countries being responsible of about 36% from the total CO 2 emissions at the European Union level.
In Romania the national profile of final energy consumption distribution is represented by 17.5% in industry, 68.6% in economic sectors, and about 31.4% in buildings (smaller compared to the European Union level of about 41%). As it can be observed the buildings sector has a great share in improving energy efficiency and thus reducing the energy consumption and the environmental impact.
In order to identify if a building is energy efficient or not, several indicators are calculated and the established values are then compared to reference ones. Therefore, the energy performance of the real building will be compared to the energy performance of the notional building (i.e. reference building). The parameters that make up the notional building are provided in the C107: 2005 and C107: 2010 Romanian Standard for the termotechnical calculation of the construction components of buildings and, which are freely available.
The energy consumed in buildings is influenced not only by temperature, space ventilation and climatic conditions but also by the constructive details and building use. Thus, energy efficiency of buildings is enhanced by the following factors (based on C107 Norm):
• thermal insulation of building components: therefore the heat losses will be reduced;
• shape and building orientation: the building envelope has a great influence on the heat losses and heat gains;
• thermal inertia (mass): represents the thermal property of a material to maintain interior comfort temperature without heating or cooling the space. It reflects the capacity of the building envelope and components to absorb and delay variations of exterior temperature and heat flows generated by solar radiation and by interior heat gains;
• ventilation: includes refreshing the interior air with fresh air and also ensuring comfort during summer time. Air conditioning is mainly oriented towards controlled natural ventilation due to energy savings requirements and drawbacks related to mechanical ventilation; • harnessing solar energy: nowadays a range of ever-evolving technologies can be used such as solar photovoltaics, solar thermal energy, solar heating and others; • daylight harnessing: energy reduction can be obtained through improved strategies for good daylight design like shape and dimensions of glazing surfaces, avoiding window obstructions by trees, colouring opposite surfaces of the windows in light nuances and others.
The energy performance of buildings is the effective or estimated energy consumed in order to meet the needs related to the normal use of the buildings. The energy consumptions are given by space heating, domestic hot water consumption, space cooling, space ventilation and lighting.
The energy performance of buildings is given by a national calculation methodology described in Mc0001 and is expressed by several numerical indicators that are calculated based on the thermal insulation, technical characteristics of the building envelope and building services, design and location of the building in relation to exterior climatic factors, sunlight exposure and influence of surrounding buildings, own sources of energy production and other factors like interior environment, factor that also has a significant influence on the energetic performance of the building. • the total energy consumption of the building: based on the calculation made on the building envelope the annual heat demand can be established in kWh/year. By dividing the annual heat demand to the useful surface of the building the heating index required for heating will be obtained in kWh/m 2. year. The total energy consumption in kWh/m 2. year will be established based on the energy consumptions of the building utilities;
• the CO 2 equivalent emission index: knowing the specific energy demand of the building and the type of fuel used, using the conversion factor, the primary energy demand by fuel type can be calculated. With the energy demand value and CO 2 emission index de annual CO 2 emission can be established.
Thermal retrofit of buildings
The thermal modernization process of a building is given by the measures implemented for an existing building in order to improve thermal insulation and the airtightness of the building envelope, thus reducing the heat losses and ensuring the minimum comfort and hygienic conditions, including avoidance of superficial and interstitial condensation risk. A second consequence of optimizing the thermal performance of the building will consist in reduction of the energy consumptions and hence the pollutant emissions throughout the lifecycle of the building at a level set by the European and national legislation,
The thermal rehabilitation (retrofit) of buildings has a dual effect on the hydrothermal behaviour of the building:
• in the cold season of the year when the heat losses through building components are usually bigger, after the thermal rehabilitation process a significant reduction of the heat losses is achieved and hence of the energy consumption of the building,;
• in the hot season of the year there is a great need in reducing the energy used at cooling the interior spaces. This energy demand is reduced both by placing thermal insulation systems on the exterior surface of the building components and by placing shading devices at glazing surfaces.
The interventions are made both on the building envelope and on the building services. The final aim of the retrofitting process is to bring as close as possible the energy performance of the building to initial design phase values.
CALCULATION METHODOLOGY
Global thermal insulation coefficient
In order to establish the thermal behaviour of the building envelope the global thermal insulation coefficient G must be established. The G coefficient represents the amount of heat losses by heat transfer through the building envelope components without taking into account the solar heat and interior heat gains. The calculation methodology of G (W/m 3 K) is given in C107 volume 1 for residential buildings and C107 volume 2 for other types of buildings. 
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For residential buildings the following formula is applied:
where: L mj is the thermal coupling coefficient of the construction element type "m" (W/K), established by applying:
where: R`m j is the medium adjusted thermal resistance of the element type "m" (m 2 K/W), A mj is the area of the construction element type "m" (m 2 ), V is the interior heated volume of the building (m 3 ) , τ j is the temperature correction coefficient (-) calculated as it follows:
where: T i is the calculation temperature of the interior environment of the building, for residential buildings a design value of +20 ºC is recommended, T e is the calculation temperature of the exterior environment based on the climatic zones existing in Romania: I st T e =-12 o C, II nd T e =-15 o C, III rd T e =-18 o C, IV th T e =-21 o C, T j is the temperature of the unheated space, other interior T j = T u or exterior environment T j = T e , T' i is the temperature of the interior space next to the construction element, n is the natural ventilation speed of the building (the ventilation rate) given by the air exchanges per hour in a space (1/h).
The G value obtained for a given building must be compared to a reference values given by C107:2010, using the following:
where: GN is the reference global thermal coefficient (W/m 3. K), established based on the number of levels of the building and the ratio between the area of the building envelope A and the heated volume of the building V.
Annual heat demand calculation based on C107 norm
The annual heat demand Q (kWh/m 3· year) is calculated with the following formula given in C107 norm: The obtained value of Q must be compared with a reference value given by QN (kWh/m 3· year) given in C107 Norm-book 1: Q ≤ QN (6)
Annual energy demand for heating calculated based on Mc001 methodology
In order to establish the heating energy class of the building a simplification methodology was established for calculating the heating index required for heating. Several heat quantities will be calculated: heat quantity necessary for heating lost through the building envelope components Q heat , heat quantity necessary for heating lost through ventilation Q vent , interior heat gains Q i , solar heat gains Q s . The efficiency of the heating system will be also considered in calculations and the heat quantity at the source will therefore be established Q heat.vent.source . The quantities established will be in (kWh/year). In order to identify the heating index q heat (kWh/m 2. year) the following will be applied:
. (7) where: A useful is the useful area of the building (m 2 ).
CASE STUDY
The case study approach
The paper analysed the energy performance of an existing building in comparison with other solutions for the building, with a focus on the influence of the climatic zone where the building is located and on the number of the building levels (i.e. height regime of the building).
In order to establish the proper thermal rehabilitation solutions for the existing building the calculations were first made on the existing building and the reference building. Afterwards two thermal rehabilitation solutions were proposed with the aim of increasing the energy performance of the building.
For the second part of the study the building was considered in the first thermal rehabilitation solution. Several height regimes and locations in the 4 climatic zones were considered in order to analyse the energy performance of the described cases.
Thus 20 variants were analysed: I st climatic zone: GF+2F, GF+4F, GF+5F, GF+6F, GF+10F II nd climatic zone: GF+2F, GF+4F, GF+5F, GF+6F, GF+10F III rd climatic zone: GF+2F, GF+4F, GF+5F, GF+6F, GF+10F IV th climatic zone: GF+2F, GF+4F, GF+5F, GF+6F, GF+10F
First the geometric characteristics of the building envelope were identified, area of the building envelope, area of the building components and the heated volume. The second step was the calculation of the adjusted thermal resistances R' for each construction element, of the thermal coupling coefficient L and of the global thermal insulation coefficient G. The annual heat demand and the annual energy demand for heating were calculated in order to obtain the energy class for heating. q heat .
Building description
The evaluated building is a block of flats from Cluj-Napoca, with the height regime of GF+4F. Cluj-Napoca is in the III rd climatic zone with an exterior temperature of T e =-18°C based on C107. The interior predominant temperature was considered T i =20°C, and for the basement a temperature of T u =5°C was considered. The adjusted thermal resistances for the building envelope components are established by calculating the medium unidirectional thermal resistance in the current field of the element which is afterwards adjusted by considering the influence of the linear and punctual thermal bridges coefficients, i.e. ψ and χ, for each panel.
The exterior wall is represented by ceramic blocks of 30 cm having a thermal conductivity of λ=0.207 W/m . K. The blocks are plastered on both surfaces with cement mortar in a thickness of 1.5 cm on the exterior surface and 1 cm on the interior surface. The field thermal resistance is R=1.471 m 2 K/W. An example for the calculation of the adjusted thermal resistance of a wall panel is given below. The linear heat transfer coefficients were chosen based on the constructive details of the wall panel (figures 2, 3). After calculating the adjusted thermal resistances for each building envelope component, the results will be summarized in a table based on which the thermal coupling coefficient L and afterwards the global thermal insulation coefficient G will be calculated. For the real building the G value obtained was G=0.552 (W/m 3. K).
The value was compared to the standard one GN=0.43 (W/m 3. K). Because G>GN it resulted that the building must by optimized from the energetic point of view, which means that several thermal rehabilitation solutions can be proposed.
The annual heat demand resulted in a value Q= 37.234 (kWh/m 3 year) which was greater than the standard value QN= 20.625 (kWh/m 3 year). The Q value was established for a standard heating period for Cluj-Napoca of 218 days.
The heating index was established based on the annual energy demand for heating q heat =205.007 (kWh/m 2. year). The real building is situated in D energy class for heating. 
The thermal rehabilitation of buildings
RESULTS
The thermal rehabilitated variants
For the thermal rehabilitated variants only the G value and the q heat were calculated. Thus the following results were obtained:
• the first variant: G value obtained was G=0.415 (W/m 3. K). The value was compared to the standard one GN=0.43 (W/m 3. K), and resulted that G<GN. q heat =85.159 (kWh/m 2. year) which gave a B energy class.
• the second variant: G value obtained was G=0.37 (W/m 3. K). The value was compared to the standard one GN=0.43 (W/m 3. K), and resulted that G<GN. q heat =71.947 (kWh/m 2. year) which gave a B energy class.
A comparison between the heating index for the existing building, reference building and for the 2 thermal insulation variants is presented in figure 4 . The main differences for the analysed cases are given by the changes of the geometric characteristics for each type of building: the number of the building levels, the area of the building envelope, the glazing area, the number of the wall panels, the useful area of the building and the interior heated volume. The orientation and shape of the building remains the same (tables 1, 2). (figures 5, 6, 7, 8) .
For all the examined cases was observed that the annual heating index decreases with the increase in the building height. An explanation for the obtained results is due to the increased surface of the vertical envelope (i.e. exterior walls) compared to the horizontal one (i.e. terrace roof, floor over unheated basement). The figures emphasize the importance of the building location in one of the four climatic zones, on the energy performance of the building. The climatic conditions given by the temperature difference between interior and exterior, the heating degree days during a year and the intensity of the solar radiation has a significant influence on the energy class of a building (figures 13, 14, 15). 
CONCLUSION
The first conclusion of the above study is that the energy performance of a building can be optimised by a proper thermal rehabilitation activity on the existing building, as it can be seen on the summarised values shown in figure 4.
The second part of the study indicated that the annual energy demand and the energy class of the building are directly influenced by the height regime of the building and the climatic zones were the building is placed. For the same shape and orientation of a building, the energy performance increases if the height regime of the building increases. The result for the building placed in the four climatic zones from Romania indicates the difference in the energy behaviour of the building, the energy consumptions having a tendency of increasing its consumptions from the first (i.e. the 1 st ) to the last climatic zone (i.e. the 4 th ).
The aim of this work is to provide building researchers and practitioners with a better understanding of the way climatic zones and various geometric characteristics of a building can influence the energy performance and thus the energy class of the building.
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